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Linking instantaneous rate of injection to x-ray needle lift measurements for a direct-acting piezoelectric injector
Juan P. Viera experiments, a total of 50 injections were acquired at each test condition.
90
Details of the full apparatus and technique can be found in the work of 91 Payri et al. [25, 26] . Injection pressure was measured at the common rail. [27]. The experiment setup is shown in Figure 1 , and the test conditions 101 covered are presented in 
131
The direct-acting mechanisms consist of a rocker or lever system that con- when the piezo-stack is not charged because injection pressure and a me-135 chanical spring push it against its seat.
136
Needle lift is controlled through the voltage applied to the piezo-stack 
Results and discussion

174
The injection pressure, which pushes to close the needle, strongly affects The 'boot' profile is produced by introducing a step in the control signal, as 
Needle displacement
227
X-ray phase-contrast images were used for time-resolved tracking of nee- 12, also correlate well to the ROI observations of Figure 5 . Note the con- case.
254
The effect of small back pressure differences was evaluated by comparing conditions that were available in both ROI and needle lift measurements.
290
Note also that ROIs were sampled at 100 kHz while x-ray phase contrast The steaty state shows an asymptotic behavior, where increasing needle 306 lift after a certain point (the "full lift" definition) has no effect on the steady The steady state trends found in this study are similar to those estimated fuel is pumped out even though the needle seat is being ever more restricted.
324
This is the effect of rapid needle velocities and also occurs because the injec- 
Conclusions
339
In this study, experiments were carried out to measure both instantaneous (except when rocker deformation interfered with needle lift).
367
• The rate of injection is affected by needle lift only up to a certain point.
368
This point is dependent on injection pressure: at an injection pressure 369 of 500 bar, the needle had to be lifted to approximately 50 µm for it to 370 cease throttling the rate of injection, while at 1500 bar it needed to be 371 lifted to approximately 70 µm for the same purpose.
372
• Fast needle movements displace volume in the sac, which alters the 373 instantaneous rate of injection. This implies that there will always 374 be a hydraulic delay between the control signal stabilization and the 375 rate of injection, even for direct-acting injectors. The opening effect is 376 expected to be reduced when injecting into a gas ambient.
377
Finally, the authors believe that it would be illuminating to study these 
